Abstract. The distribution of line load rate and the node's inhomogeneity to withstand the transmission of power will have an important impact on the self-organized critical state of the system. For the characteristic of load rate distribution of transmission lines, an improved average semi-variance index is used to characterize changes in the self-organized critical state of the power system. Simulation calculations show that under the same nodal power flow distribution, the larger the value of the average semi-variance, the higher the probability of a large-scale power outage. The curve of probability distribution of blackouts obtained by simulation shows that with the increase of variance value, the tail gradually rises, and the system tends to evolve in the self-organized critical state. The improvement of the average semi-variance index has a good identification effect on the system state after the cascading failure.
Introduction
Self-organized criticality is a concept proposed by the Danish scientist Per Bak [1] in the literature which explains the behavior of extensively dissipative dynamical systems. Self-organized critical evolution theory studying grid cascading failures and blackout accidents has received extensive attention in academic circles in recent years. [2, 3] Faced with complex power system operating conditions, the possibility of predicting whether the current system will have a cascading failure or even a large power outage is more of a concern to field dispatchers. When the power system is in a critical state of self-organization, any small disturbance can cause a series of terrible disasters. Judging the operational status of the system accurately can remind dispatchers to take measures to minimize the risk of large-scale blackouts.
The literature [4] [5] [6] points out that the average load ratio of the grid lines, the balance of the grid structure, and the balance of the distribution of the power flow are the key factors that determine the operation status of the grid from different aspects. Among them, there are typical power flow entropy and weighted power flow entropy index [7] [8] , and the power flow entropy index is also used to identify the fragile links of the power system [9] and check the relay protection setting [10] and other fields. In the research of this paper, there are some defects in the load flow rate distribution of the line representing the load entropy index, and it can't accurately identify the influence of operating conditions on the self-organizing critical characteristics of the system. Therefore, aiming at the defects, an improved average semi-variance is proposed to measure the inhomogeneity characteristics of the high load rate line flow and identify the self-organized critical state of the system.
The Physical Meaning of Average Semi-Variance and Its Calculation Method
From a mathematical point of view, it can be seen from the definition of entropy that the entropy theory itself is to describe the uncertainty of the state of the system [11] , which is also a measure of the degree of ordering of the system. When given a certain number of constants U = [U 1 , U 2 , ... Un], N l refers to the number of lines, l k represents the number of lines of the load rate μ k ∈(U i, U i+1 ), then the probability of the line flow in (
Then the calculation of power flow entropy H is expressed as
The definition of the weighted power flow entropy H w is expressed as
After the interval of the load rate of each line is allocated, the corresponding probability distribution can be calculated, and finally the value of power flow entropy can be obtained. This is the reason why different line load rate distributions may get the same value of the entropy index, and it is also an important reason why it is impossible to accurately determine the inhomogeneity degree of the power system and whether it is in the self-organized critical state.
First, the semi-variance is a statistical method relative to the variance. It is mainly used in the financial field to the investment risks. This method compares the expected value of the actual return on investment with the expectation of earnings, and the deviation of the ups and downs of statistics is called calculating risk. In the actual operation of the power grid, the distribution of lines with high load rates is positively correlated with the risk value of the system at the threshold of self-organization. Therefore, the inhomogeneity of the lines distributed at high load rates should be given more attention. Therefore, average semi-variance statistical methods are used to characterize the inhomogeneity in the distribution of lines at high load rates. The semi-variance does not need to calculate the probability of the line load rate distribution. It can be obtained directly from the load rate of the line, so that the magnitude relationship between the line load rate and the average load rate can be more accurately characterized. The load distribution of key lines has more reference significance for identifying the self-organized critical state of the system. The content of this chapter uses the average semi-variance to identify the self-organized critical state of the system. The formula D for calculating the average semi-variance is as follows:
Where μ i is the load rate of the i-line, N is the total number of lines in the system, ̅ represents the average load rate of the entire system, and ρ i represents the weight ratio of the i-line. C=10 
Where B(i) is the betweenness of line i, L is the set of load nodes, G is the set of generator nodes, W g is the weight ratio of generator node g, and its value is the active output of generator node g, W l is the weight ratio of the load node l, its value is the active load of the load node l, and P i is the active power of the power transmission path through the line i.
Hidden Failure Model
In order to study the qualitative response of the average semi-variance index to the cascading faults of the power grid, this paper uses the hidden failure model to simulate the cascading failure process under different distribution rates of the power grid. First, the hidden failure model and its simulation process are introduced.
In this paper, a DC cascading failure simulation model considering the hidden faults is proposed in the literature, which mainly considers the influence of parameters such as stealth failure probability, control side rate, load level and generator spinning reserve on the self-organizing critical characteristics of the power grid. Hidden fault is an inherent defect in the protection device. It's difficult to find in normal operation, and it will only appear when there is a system failure. The consequence is that the protected component is erroneously disconnected [12] . The literature [13] proposes that when a line is cut off, other lines that are connected to the line together with the line may also be removed due to a hidden failure.
The simulation process of the hidden fault model is as follows: randomly select an initial line trip, if there is a line load overload, it will open the overload line by probability, otherwise it will judge whether there is a line trip due to a hidden fault based on the hidden fault mechanism and the occurrence probability. . Every time the line is tripped, the flow is recalculated until the chain failure stops. In the chain fault process, in order to simulate the operation control of the actual power system, the optimal control is performed after jumping off a limited number of lines. After optimizing the control, the power flow of all lines does not exceed the limit. But the chain failure process may continue due to the hidden failure.
One of important factors affecting the self-organized critical state of the system is the average load rate level. In order to reduce the risks of results recognition when given random values, a different average semi-variance is obtained by the same ̅ .For the sake of the value, the method adopted is not ging to change the injected power of each node, and then adjust the maximum power transmission limit of the line to achieve the effect of changing the load rate. When given ̅ the line load rate distribution can be calculated, then we can generate a load rate deviation value, and then each value in the load rate distribution is given to line i as its μ i, finally the equation (7) is used to calculate adjust its maximum transmission power.
Where max i F represents maximum power transmission limit for line i. In the cascading failure simulation, the generator spinning reserve coefficient is set to 10%; the hidden failure probability is 2%; when the accumulation of disconnected line in excess of 3, the optimal power flow control is performed; and the chain fault simulation is simulated for 1000 times.
Simulation and Results
There are 41 lines in the IEEE30 node system. Using Equations (5) and (6), the power flow intensities and weights for each line can be calculated. The results are shown in Table 1 below. When the system's average load rate is given as 0.4, there are 3 load rate distributions corresponding to it, as shown in Table 2 . From the three kinds of distributions, the power flow entropy, the weighted power flow entropy, and the average semi-variance are calculated as shown in Table 3 . From the calculation results in Table 3 , it can be seen that the results of the three indicators under the same load distribution are different, but the values of the power flow entropy and the weighted power flow entropy are the same under the three distributions, so the two indicators can't be used to accurately assess the state of the system. However, the calculation value of the average semi-variance index is not the same. From the standpoint of discrimination, the probability that the distribution 1 is in the self-organized critical state is high, the distribution 2 is less, and the risk of the distribution 3 is the smallest. For these three distributions, after performing a thousand simulations of chain fault calculations for the system, the distribution diagram of the blackouts is shown in Figure 1 below. The scale of power outage is equal to the proportion of the total loss of the system under normal operation. As can be seen from Figure 1 , the probability of a large-scale power outage in the distribution 1 is highest, the distribution 2 is the second, and the distribution 3 is the smallest. Moreover, the tail curves of these three distributions tend to be exponential and do not show the characteristics of the power law tail. However, from the third distribution to the first distribution, their tails gradually increase, and the system tends to develop self-organized critical states. From this point of view, the results correspond to the average semi-variance in Table 3 .
This indicator can also be used to characterize the critical state of the critical line in the system According to the power flow betweenness of each line in Table 1 , redistribute of the load rate in Table 2 , in which the weighted lines are given a higher load rate, then three types are calculated again. The average semi-variance values of the load distribution are 1.6713, 1.4991, and 0.6982, respectively. Then compare the same load distribution and the calculated results. The resulting comparison is shown in Figure 2 above. The critical line in this system is determined by calculating the magnitude of the power flow betweenness. Assigning the high load ratio under this load factor distribution to these critical lines increases the inhomogeneity of the tasks of the output power that the critical lines are subjected to. As a result, the average semi-variance value of the processed data is relatively high.
After obtaining the different average semi-variance values, the corresponding distribution of power outages is obtained. As the value of D increases, the probability of a large blackout occurs. The tails of each curve are also gradually raised. From the original exponential distribution to the power law distribution, the system enters the self-organized critical state. This also shows that the average semi-variance index is feasible as the identification system is in the self-organized critical state.
Conclusion
The index of the average semi-variance compensates for the lack of power flow entropy and weighted power flow entropy as self-organized critical state identification indicators. The self-organized critical state is affected by the mode of operation and the importance of specific circuits. This indicator has a better identification effect for different average load rates.
The probability of large-scale power outage in the power system will increase with the increase of the average semi-variance, and the tail of the curve will rise. It also shows that the self-organized critical characteristics of the system evolve from exponential features to power-law features. The average semi-variance index measures the inhomogeneity characteristics between the line load rates. Therefore, it has good effect on the identification of the system transition from non-self-organization critical to self-organized critical state.
